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[57] ABSTRACT

A primary gas furnace control including a thermostati-
cally controlled intermittent ignition system, the con-
trol being effective to monitor and control main gas
valve action through use of flame rectification. The
control features a slight delay on main valve dropout
with flame failure and an extension of the ignition
source into the main burner cycle to prevent nuisance
recycling. If desired, the control may also include timed
pilot valve, thermostat resettable, lockout as well as
prepurge capability for use in applications requiring a
furnace combustion chamber purge prior to an 1gnition
cycle.

8 Claims, 4 Drawing Sheets




Sheet1of4 4,836,770

Jun. 6, 1989

U.S. Patent

—— i -

Lossp 2%t T

ZH 02/08
LN &

\hwm..ﬂﬁnkk L

r

ZH CZ 085
ZHA L

o

LELS Okl A2



US. Patent  Jun. 6, 1989 Sheet 2 of 4 4,836,770

2
3
el VAW > &7 7 Pt S
N7 !
e
o | W27,

- — - = | | S/ s | e

|
LoCKkor7 Priof Frlor. Jg2riZrorr /¢
2 VAC | Trower s yalve 3?0 wrcee. geii‘r:

S0/80HZ |FeseZChr Corlrol Delayed Crrczer
X Ter 7770 1F) (A7)

/%S

L S B9
‘ . T 7 od
~C/S 4
M/$ ZAL0

Marze - /7

[ D>oye

C/2
cC//

Meazr

Vit/v e

/4




Pl \\.u

4,836,770

NN.%
~+ 7
Gt
O
- ._3 \w\w
~o
S
S _
7 |
. ﬁ\u
_
/¥
2
=
- ) TN 02
M .h.mm\ 17 \mw - u%x\uw%
—
——
iy LA

-~ Ny A 7

g Fesesid 78

U.S. Patent



U.S. Patent  Jun. 6, 1989 Sheet 4 of 4 4,836,770

V4
72/ 70 Sparf FlecZrodes
7/ il
Rz
.IP 7 <

A/
[ (AZ)




4,336,770

1
PRIMARY GAS FURNACE CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional patent application of
its copending parent patent application, Ser. No.
037,641, filed Apr. 13, 1987, now U.S. Pat. No.
4,735,133, which, in turn, is a divisional patent applica-
tion of its copending parent patent application, Ser. No.
879,067, filed June 26, 1986, now U.S. Pat. No.
4,680,005, which in turn, is a divisional patent applica-
tion of its copending parent patent application, Ser. No.
627,038, filed July 2, 1984, now U.S. Pat. No. 4,626,192.

BRIEF SUMMARY OF THE INVENTION

This invention relates to primary controls for gas
furnaces and, more particularly, to an improved pri-
mary gas furnace control incorporating unique means
for controlling and monitoring main gas valve action
through use of flame rectification.

Heretofore, primary gas furnace controls have been
utilized for the purpose of controlling and supervising
gas burners in furnaces, such primary controls being
adapted to control the furnace burner in response to a
low voltage thermostat which may be located in the
living or occupied space of a dwelling or other struc-
ture, and supervising and controlling the furnace burner
to insure safe combustion and to shut off the burner if an
unsafe condition exists.

An object of the present invention is to overcome
disadvantages in prior primary gas furnace controls of
the indicated character and to provide an improved
primary gas furnace control incorporating unique
means for controlling and monitoring main gas valve
action through the use of flame rectification.

Another object of the present invention is to provide

an improved primary gas furnace control which incor-
porates a thermostatically controlled, intermittent igni-
tion system and which may be adapted for use with
natural gas and/or manufactured gas.

Another object of the present invention is to provide
an improved gas furnace control incorporating im-
proved means for preventing nuisance recycling on
marginal furnace installations that could cause pilot
flame separation from a sensing element incorporated
therein.

Another object of the present invention is to provide
an improved primary control for gas furnaces i Incorpo-
rating improved control circuitry which provides im-
proved furnace burner control and superwsmn

Another abject of the present invention is to provide
an 1mproved primary gas furnace control having the
capability of timed pilot gas valve, thermostat resettable
lockout.

Another object of the present invention is to provide
an improved primary gas furnace control incorporating
1mproved means providing prepurge capability for use
in apphcatlons, such as a power gas burner or other
systems, requiring a combustion chamber purge prior to
an ignition cycle.

Another ob_]ect of the present invention is to provide
an improved primary gas furnace control having ther-
mostat resettable lockout capabilities.

Still another object of the present invention is to
provide an improved primary gas furnace control
which may be readily adapted to a wide variety of gas
furnace applications and which is economical to manu-
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facture and assemble and efficient and reliable in opera-
tion.

The above as well as other objects and advantages of
the present invention will become apparent from the

following description, the appended claims and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic block diagram of a primary gas
furnace control system embodying the present inven-
tion;

FIG. 2 is a schematic circuit diagram of the primary
gas furnace control system illustrated in FIG. 1:

FIG. 3 1s a schematic block diagram of another em-
bodiment of the invention;

F1G. 4 is a schematic circuit diagram of the embodi-
ment of the invention illustrated in FIG. 3:

FIG. 5 is a schematic circuit diagram of the ignition
source blocks illustrated in FIGS. 1 and 3 and incorpo-
rated in the circuits illustrated in FIGS. 2 and 4;

FI1G. 6 1s a schematic circuit diagram of the pilot/-

' main valve control blocks illustrated in FIGS. 1 and 3
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and incorporated in the circuits illustrated in FIGS. 2
and 4; and

FIG. 7 1s a schematic circuit diagram of the lockout
timer and reset circuit block illustrated in FIG. 3 and
incorporated in the circuit illustrated in FIG. 4.

DETAILED DESCRIPTION

Referring to the drawings, and more particularly to
FIG. 1 thereof, a schematic block diagram of a primary
gas furnace control system, generally designated 10,
embodying the present invention is illustrated therein.
As shown in FIG. 1, the system 10 is comprised of a low
voltage thermostat 12, pilot valve and main valve cir-
cuitry 14 and 16, respectively, ignition source circuitry
18, and a flame sense circuit 20, the ignition source
circuitry 18 being adapted to initiate combustion of
natural gas supplied to a combustion chamber 22
through the pilot and main valves.

The primary gas furnace control system 10 embody-
ing the invention illustrated in FIGS. 1 and 2 provides
a thermostatically controlled, nonlockout, intermittent
1gnition system particularly adapted for use with natural
gas, the system 10 controlling and monitoring main gas
valve action through the use of flame rectification. The
system 10 features a slight delay on main gas valve
dropout with flame failure and an extension of the igni-
tion source into the main burner cycle to prevent nui-
sance recycling on marginal furnace installations that
could cause pilot flame separation from the sensing
element. The system 10 is adapted to be connected to a
source of 24 volt AC, 50/60 hertz current which may be
supplied, for example, by any suitable means. Voltage is
applied to the system 10 upon closure of the contacts of
the thermostat 12, and upon closure of the contacts of
the thermostat 12, the pilot gas valve 14 is opened
thereby allowing pilot gas to flow to the combustion
chamber 22. At the same time, the ignition source cir-
cuit 18 and the flame sense circuit 20 are activated, and
spark discharges occur at electrodes 30 and 32 located
In the combustion chamber 22, as for example at the rate
of 5 spark discharges per second. Such spark discharges
ignite the pilot gas, and the pilot flame impinges on a
flame sensor 34 and causes flame rectification. The
rectified signal is processed by the flame sense circuit
and causes the relay K-1 to energize. Energization of
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the relay K-1 effects closure of normally open contacts
K-1B provided on the relay K-1 and causes the main
burner valve 16 to open, thereby permitting main
burner combustion. Energization of the relay K-1 also
effects the opening of normally closed contacts K-1A
provided on the relay K-1 and removes voltage from
the ignition source circuit 18. Due to a built-in delay, as
will be described hereinafter in greater detail, the igni-
tion source 18 continues to provide sparks at the elec-
trodes 30 and 32, as for example for approximately four
seconds, after the main gas valve 16 opens. This condi-
tion exists until the contacts of the thermostat 12 are
opened. If for some reason, the gas supply is shut off
during the cycle, the main gas valve 16 will close and
the ignition source circuit 18 will be reactivated for
attempted relighting of the pilot gas.

As shown in FIG. 2, the system 10 includes the ther-
mostatic switch 12, the pilot gas valve 14, the main gas
valve 16, resistors R1 through R13 and R32 and R33;
diodes D1 through D8 and D22; capacitors C1 through
C10; the relay K-1 having normally closed contacts
K-1A and normally open contacts K-1B; transistors Q1
through Q6; a step up high voltage transformer T-1
having a primary winding T-1A and a secondary wind-
ing T-1B, the secondary winding T-1B being connected
to the spaced electrodes 30 and 32 disposed in the com-
bustion chamber 22 in the vicinity of the incoming gas
which is to be ignited; and a step up auto transformer
T-2 having windings T-2A and T-2B, the above de-
scribed components being electrically connected by
suitable conductors as illustrated in the drawings and as
will be described hereinafter in greater detail.

The ignition source block 18 is comprised of two
circuits, namely a pulse generator circuit and a spark
generator circuit, the pulse generator circuit being uti-
lized to trigger the spark generator circuit at a rate of,
for example, 5 pulses per second over the specified
operating voltage and temperature range. The spark
generator is a diode clamped, capacitive discharge cir-
cuit which derives its voltage from a voltage doubler
comprised of the capacitor C1, the capacitor C6, the
diode D2 and the diode D7 fed by the step up auto
transformer T-2. The ouiput of the voltage doubler is
coupled through the step up high voltage transformer

T-1 to the electrode 30 incorporated i1n a pilot gas ig-

niter assembly generally designated 36 which is dis-
posed in the combustion chamber 22 and which also
contains the sense electrode 34 which may be in the
form of a wire probe formed of a suitable material capa-
ble of withstanding flame impinging thereon. The input
voltage to the spark generator may be nominally rated
at 24 volts AC. Depending upon the input voltage, the
voltage ampere rating and tolerance, the actual input
may range from 18 to 30 volts AC. This voltage 1s sup-
plied to the auto transformer T-2 which steps up the
voitage from approximately 93 to 125 volts AC in rela-
tion to the input, 113 volts AC being nominal. This
transformed voltage is fed to the voltage doubler com-
prising the capacitor C1, the capacitor C6, the diode D2
and the diode D7 which approximately doubles the
peak AC values of the input voltage and converts it to
a DC voltage. It will be understood that the output of
the auto transformer T-2 is not a pure sine wave and has
slightly higher peak voltage than a root mean square
conversion would indicate.

The peak voltage may be from 140 to 215 volts with
180 volts as the mean. The mean DC voltage is approxi-
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mately 310 volts with a minimum of approximately 238
volts to a maximum of approximately 377 volts DC.

Discharge of the capacitor C6 through the primary
winding of the high voltage transformer T-1 generates
an exponentially decaying current pulse with a peak
value of approximately 50 amperes, and a total duration
of approximately six microseconds. The integrated
value of the current is a rectangular pulse of approxi-
mately 23 amperes, the duration being approximately 6
microseconds.

The 1initial energy stored in the capacitor C6 is trans-
formed by the transformer T-1 to supply or cause a
voltage breakdown at the electrodes 30 and 32. It has
been found that the gap will breakover within approxi-
mately 1.2 microseconds of the initial discharge and
remain on for the duration of the theoretical 6 microsec-
ond rectangular pulse. The resistor R12 is a bleeder
resistor connected across the capacitor C6 and permits
the capacitor to discharge to 0 volts in approximately
five seconds. The silicon controlled rectifier Q2 con-
trols the flow of current through the primary winding
of the transformer T-1.

The pulse generator i1s a relaxation programmable
unijunction transistor oscillator, and as such 1s nonlatch-
ing and controls the application of current to the gate of
the silicon controlled rectifier Q2. A timing capacitor
C5 1s provided which controls the discharge pulse into
the gate of the silicon controlled rectifier Q2 while the
resistor R10 is provided to avoid or reduce undesired
firing of the silicon controlled rectifier Q2. | |

Gate current of the programmable unijunction tran-
sistor circuit is basically the current determined by the
value of the gate to supply resistor R3. Since the pulse
into the silicon controlled rectifier Q2 is an exponen-
tially decaying pulse, the minimum initial capacitor
voltage should be approximately 4 volts for worst case
conditions. It is preferred that the pulse rate be approxi-
mately 5 pulses per second or one pulse every 200 milli-
seconds.

From the foregoing it should be understood that the
ignition source circuitry as illustrated in FIGS. 2 and §
includes the programmable unijunction transistor Ql,
the silicon controlled rectifier Q2, the transformers T-1
and T-2, the diodes D1, D2 and D7, the capacitors CI1,
C4, C5 and C6, and the resistors R1, R2, R3, R10, R11
and R12, such components all being electrically con-
nected as illustrated in FIGS. 2 and 5. The ignition
source circuitry also includes the normally closed
contacts K-1A of the relay K-1.

All parameters associated with the programmable
unijunction transistor circuit are directly related to the
programmable unijunction transistor gate current
which is basically the current determined by the value
of the gate to supply resistor R3. The circuit will oscil-
late at minus temperature/voltage extremes and not
latch at high temperatures/voltage extremes. The resis-
tor R11 is the other gate bias resistor. The filter capaci-
tor C4 extends the pulsing into the main valve cycle
after the relay K-1 removes voltage from the pulser, the
nominal desired time being approximately four seconds.

The valve control circuitry is i1llustrated in FIGS. 2
and 6, and this circuit operates on the principle of en-
ergy transfer. On one half cycle the capacitor C3
charges to a predetermined voltage. On the next haif
cycle, the capacitor C3 discharges into the relay K-1
and the sustaining capacitors C9 and C10 connected
across the relay coil. The energy imparted from the
discharge capacitor into the relay and sustaining capaci-
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tors C9 and C10 must be great enough to pull in and
hold the relay until the next discharge cycle. In order to
prevent relay chatter from occurring, in the embodi-
ment of the invention illustrated in FIGS. 2 and 6, the
two sustaining capacitors C9 and C10 are provided
across the relay coil so that if one opens, the other will
sustain the relay. The capacity of the discharge capaci-
tor C3 1s preferably chosen so that the energy level is
almost constant.

The transistor Q6 is a switching transistor and the
value of the resistor R7 is chosen to allow the transistor
Q5 to have a gain of ten to one to insure saturation. The
time constant of the minimum values of the resistors R6
and R7 1n parailel and the minimum capacitance must be
one line cycle which at 50 hertz is 20 milliseconds. With
respect to the capacitor C8, the worst case power dissi-
pation for the resistors R6 and R7 occurs at their mini-
mum tolerances and at maximum capacitance for the
capacitor C8. The maximum driving current into the
base of the transistor Q6 is exponentially decaying cur-
rent which is more than adequate to discharge the ca-
pacitor C3 into the relay K-1.

The transistor Q4 is a field effect transistor and the
pinch off voltage is preferably between 2.5 and 4.5
volts. The gate source breakdown voltage is minus 30
volts DC while the drain source breakdown voltage is
30 volts DC. The transistor Q5 is a driver transistor
while the transistor Q3 is a PNP field effect switching
transistor, the base being driven by the line voltage
through the diode D3 and the resistor R5. When this
circuit is used for the main valve, a bleeder resistor R32
s included across the discharge capacitor C3 to elimi-
nate a momentary pulse to the main valve on thermostat
reset. Such a pulse, although too short to release gas,
could increase valve wear and shorten the life of the
valve. As will be described hereinafter in greater detail,
the foregoing circuit is used for both the pilot and main
valve controls in the embodiment of the invention illus-
trated in FIGS. 3 and 4, the components in parenthesis
in FIG. 6 being in the pilot valve circuit illustrated in
FIGS. 3 and 4.

In each of the embodiments of the invention illus-
trated, flame rectification is used to sense the presence
of flame. Flame rectification can be thought of as the
flame simulating a high resistance diode with high leak-
age current, paralleled by a small capacitor. In the em-
bodiments of the invention illustrated, flame rectifica-
tion will cause main valve pull in in a predetermined
period of time, such as approximately 13 seconds, this
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being due to an effect similar to an R-C time constant of 50

the flame sensor. Upon initial flame impingement on the
sensor 34, the output voltage is high, then swiftly drops
to a low level for a few seconds and then gradually
chimbs to a high level. The resistor R4 in the flame sense
circuit is made large enough to prevent initial high
voltage from immediately appearing across the transis-
tor C7 to allow valve pull in and then allowing valve
drop out as the sensed voltage decreases.

With a power on, gas interruption, a certain time
elapses before the system can recognize and react to
reestablish flame. This time must be specified as a maxi-
mum time even if there have been up to and including
two component failures that were not manifest as con-
trol debilitating failures. In the embodiment of the in-
vention illustrated, flame sensing is accomplished by
flame rectification, whereby the sensor probe 34 in the
presence of a flame causes a negative voltage to be
impressed across the capacitor C7. This negative volt-
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age 1s supplied through the resistor R9 to the gate of the
field effect transistor Q3 which controls the main valve.
The field effect transistor draws minuscule current so a
method to discharge the capacitor C7 in the even of
flame failure is provided to establish a time period for
recogmtion of flame loss. There are two such paths.
One is through the series resistor R9 and the transistor

Q3 to ground. It will be understood that the transistor
Q3 is turned on every half cycle, and the capacitor C7
1s allowed to discharge through this path at approxi-
mately one half the normal rate. The second discharge
path is through the resistor R13 to ground. If the resis-
tor R9 or the transistor Q3 are open or short, the circuit
1s immediately disabled, as it is if the resistor R13 shorts.
If the resistor R13 opens, the discharge time of the
capacitor C7 increases. Therefore, the maximum flame
reestablishment time must be defined with the resistor
R13 being considered removed from the circuit. The
field effect transistor Q4 pinch off voltage is preferably
selected to obtain the desired flame reestablishment
time, such pinch off voltage being correlated also with
the temperature of the sense probe.

When pilot flame is established and the flame sense
circuit allows the main valve to open, the turbulence
generated by main burner ignition may be severe
enough to divert the pilot flame from the sensor 34.
Such a situation could cause cycling of the system by
allowing main valve drop out. In order to prevent main
valve drop out, the capacitor C7 is not allowed to dis-
charge too quickly. The capacitors C2 and C7 in the
flame sense network are preferably selected to have a 10
to 1 ratio to prevent AC voltage from exceeding the
field effect transistor Q4 maximum gate voltage in the
event the resistor R4 shorts. The resistor R4 is selected
to be one time constant at one half cycle. Since part of
the discharge path of the capacitor C7 is through the
transistor Q3, the discharge time is influenced by the
amount of time the transistor Q3 conducts. If the resis-
tor R13 1s removed from the circuit, the resistor R9 and
the transistor Q3 are the only discharge paths. Since the
transistor Q3 is only conducting for part of a half cycle,
the resistor R9 acts as a much larger resistor than its
value would indicate.

The method for deriving time involves using alter-
nate resistors for each half cycle. Since the transistor Q3
conducts only for milliseconds, the capacitor C7 will
discharge through the parallel combination of the resis-
tor R13 and the resistor R9 during this time.

Another embodiment of the invention is illustrated in
FIGS. 3, 4, 5, 6 and 7 and is composed of a primary gas
furnace control system, generally designated 100. This
embodiment of the invention is an extension of the em-
bodiment of the invention illustrated in FIGS. 1 and 2
with the features mentioned hereinabove but with the
additional capabilities of timed pilot valve, thermostat
resettable lockout and is intended for use with both
natural gas and manufactured gas. This embodiment of
the invention also includes, if desired, a prepurge capa-
bility for use in applications such as power gas burner or
other systems requiring a combustion chamber purge
pefore an ignition cycle. The system 100 includes the
thermostat 12, pilot valve circuitry 14, main valve cir-
cultry 16, ignition source circuitry 18 and flame sense
circuitry 20. In addition, the system 100 includes pilot
valve control circuitry 126 and lockout timer and reset
circuitry 128. Thus this embodiment of the invention
includes the circuitry of the embodiment of the inven-
tion illustrated in FIGS. 1 and 2 and also includes addi-
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tional circuitry to control the action of the pilot valve to
provide prepurge, postpurge (lockout), and reset func-
tions. This additional circuitry may be divided into two
main functional circuits, the pre/postpurge timer and
reset circuit, and the pilot valve control circuit. The
valve control circuit for the pilot valve is identical to
the valve control circuit for the main gas valve previ-
ously described and the description thereof is equally
applicable to this embodiment of the invention, the
identification of the components of this embodiment of
the invention in FIG. 6 being enclosed in parentheses.
This embodiment of the invention has thermostat reset-
table lockout capabilities which requires the thermostat
contacts to be opened for a minimum of one second. If
the thermostat is opened during the ignition trial period
and reclosed the timing circuit for lockout will reset to
zero and recommence timing for the specified maximum

5
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lockout time. With the addition of prepurge capability,

this embodiment of the invention will recycle to the
beginning of the prepurge mode anytime the thermostat
is open for a period of one second or greater. The pre/-
postpurge circuit is capable of providing a prepurge
timing from approximately 1.3 to approximately 45
seconds, and a post or lockout time up to approximately
90 seconds with a one second reset capability. Prepurge
time is determined by a capacitor C16 and a resistor R25
while lockout time is determined by the capacitor C16
and a resistor R24, allowing various combinations of
timings to be specified as desired. The reset circuit is a
redundant pair that causes reset back to prepurge or
start-up upon removal of line voltage. Thermostat twid-
dle or valve shorting, being a form of line voltage inter-
ruption, will cause reset. "

The prepurge/lockout and timer reset circuitry is
illustrated in FIG. 7. This circuit utilizes a programma-
ble unijunction transistor as does the pulse generator
circuit previously described. However, unlike the pulse
generator circuit previously described, this is a latching
circuit, and when the programmable unijunction tran-
sistor Q13 once triggers, it may not trigger again as long
as voitage is applied. The prepurge timing is accom-
plished by charging the capacitor C16 through the resis-
tor R25 to the trigger voltage of the programmable
unijunction transistor Q13. The postpurge timing is
achieved by discharging the capacitor C16 through the
resistor R24 into the gate of the transistor Q10 which is
modulated by the transistor Q9 and clamped by the
zener diode D11 to give consistent timing over the
applicable voltage range. The prepurge maximum time
may be specified, for example, to be approximately 43
seconds, while the maximum postpurge time may be
specified, for example, to be approximately 60 seconds.
Any combination of times within these limits may be
achieved by changing the values of the resistor R25, the
capacitor C16 and/or the resistor R24 and the zener
diode D11. For example, the value of the resistor R23
may be reduced for shorter timing, or shorter timing
may be accomplished by retaining the value of the resis-
tor R25 and reducing the size of the capacitor C16.
Thus the values of the capacitor C16 and the resistor
R235 are chosen based upon the desired time constant to
trigger the programmable unijunction transistor, thus
ending the timing cycle.

Postpurge, or lockout timing, 1s accomplished by
discharging the capacitor C16 through the resistor R24
thereby placing a negative voltage on the gate of the
transistor Q10 in the pilot valve control circuit. The
capacitor C16 charges to the trigger voltage through
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the zener diode D11 which although a zener diode acts
as a conventional diode during the charging of the ca-
pacitor C16. When the capacitor C16 reaches the trig-
ger voltage of the transistor Q13, the transistor Q13
triggers and because of the resistor R25 latches. The
capacitor C16 can only discharge to the zener voltage
of the zener diode D11 through the transistor Q13. It 1s
then clamped to the zener voltage and its only dis-
charge path is through the resistor R24 and the transis-
tor Q9, and the paraliel combination of the resistors R17
and R18. The resistors R17 and R18 are gate to ground
resistors for the transistor Q10 to protect against stray
voltage pickup that could affect lockout timing. They
are redundant resistors, and if one resistor should open,
timing would increase by a very small percentage.

The predominant discharge path for the capacitor
C16 is through the resistor R24 and the transistor Q9.
On each negative half cycle the transistor Q9 is driven
into saturation effectively grounding both the gate of
the transistor Q10 and the resistor R24 thereby allowing
the capacitor C16 to discharge for that half cycle or a
portion thereof until the voltage of the capacitor C16 is
less than the pinchoff voltage of the transistor Q10 at
which time the pilot valve relay K-2 drops out thereby
causing lockout. Temperature and line voltage have
only a very small effect on lockout timing.

The reset portion of the circuit is redundant with two
reset mechanisms. With the application of line voltage,
the capacitors C18 and C19 charge through the diodes
D9 and D10. Removal of line voltage causes the capaci-
tors C18 and C19 to discharge through the transistors
Q7 and Q8 causing the capacitor C16 to discharge,
resetting the timer to prepurge or prelockout. The ca-
pacitor C20 is a third backup for reset, forcing the gate
of the transistor Q13 high on application of voltage,
overriding the latchup resistor R26. The resistor R27
protects the diode D17 from surge currents and the
capacitor C12 1s a filter capacitor

From the foregoing it will be appreciated that the
embodiment of the invention illustrated i FIGS. 1 and
2 provides a thermostatically controlled, nonlockout,
intermittent ignition system which is particularly
adapted for use with natural gas and which controls and
monitors main valve action through the use of flame
rectification. Such embodiment of the invention fea-
tures a slight delay on main valve dropout with flame
failure and an extension of the ignition source into the
main burner cycle to prevent nuisance recycling on
marginal furnace installations that could cause pilot
flame separation from the sensing element. The embodi-
ment of the invention illustrated in FIGS. 3 and 4 is an
extension of the embodiment of the invention illustrated
in FIGS. 1 and 2 with all of the capabilities mentioned
above, but with the additional capability of timed pilot
valve, thermostat resettable, lockout. This embodiment
of the invention is particularly adapted for use with
both natural and manufactured gas. The embodiment of
the invention illustrated in FIGS. 3 and 4 also includes
prepurge capability for use in applications such as a
power gas burner or other systems requiring a combus-
tion chamber purge before an ignition cycle. This em-
bodiment of the invention has thermostat resettable
lockout capabilities, this feature requiring the thermo-
stat to be opened for a minimum of approximately one
second. In the embodiment of the invention illustrated
in FIGS. 3 and 4, if the thermostat i1s opened during the
ignition trial period and reclosed, the timing circuit for
lockout time will reset to zero and recommence timing
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to the specified maximum lockout time. In the embodi-
ment of the invention illustrated in FIGS. 3 and 4, the
control will recycle to the beginning of the prepurge
mode anytime the thermostat is opened for a period of
approximately one second or greater.

In the operation of the embodiment of the invention
illustrated in FIGS. 1 and 2, voltage is applied to the
circuitry on thermostat contact closure. The pilot valve
14 1s opened allowing pilot gas to flow and both the
tlame sense circuit previously described and the ignition
source circult previously described are activated. Spark
discharges occur at the electrodes 30 and 32 in the com-
bustion chamber 22 at a rate, for example, of five per
second. These discharges ignite the pilot gas. The pilot
gas impinges on the flame sensor 34 and causes flame
rectification, and the rectified signal is processed by the
flame sense circuit and thereby causes the relay K-1 to
energize. Energization of the relay K-1 causes closure
of the normally open contacts K-1B of the relay thereby
causing the main burner valve to open, allowing main
burner combustion, and removes voltage from the igni-
tion source circuit by opening the normally closed
contacts K-1A. Due to the built-in delay previously
described, the ignition source continues to spark for
approximately four seconds after the main valve opens.
This condition exists until the thermostat is opened. If
for some reason the gas supply is cut off during the
cycle, the main valve will close and the ignition source
circuit reactivates for attempted relight.

In the operation of the embodiment of the invention
\llustrated in FIGS. 3 and 4, voltage is also applied to
the circuit on thermostat contact closure. The timer/re-
set circuitry illustrated in FIGS. 4 and 7 is activated,
and after approximately four seconds on a nonprepurge
version or within approximately 45 seconds on a pre-
purge version, the pilot valve control circuit is acti-
vated in a time out mode, thereby causing the relay K-2
to energize. Activation of the relay K-2 effects closure
of the normally open contacts K-2A thereby causing
the pilot valve to open and ignition sparking to com-
mence in the manner previously described. Pilot flame
is established and sensed as described hereinabove, and
main burner combustion occurs. Voltage is fed back to
the pilot valve control circuit from the main valve to
negate lockout timing. If during this sequence, pilot
flame is not established, the main valve will not be ener-
gized, and after a specified time the pilot valve control
circuit will deactivate thereby stopping ignition at-
tempts and pilot gas flow. This lockout condition will
continue indefinitely until the thermostat is opened.
Closing the thermostat will then cause the sequence to
repeat.

During any portion of the cycle described herein-
above, If the thermostat is opened for a pertod of time
greater than approximately one second, the reset cir-
cuitry will cause the control to recycle to the beginning
of the prepurge or lockout timing cycle. A power on,
gas interruption will cause the control to attempt reigni-
tion for a period of time equal to the normal lockout
time. If reignition does not occur, lockout will occur.
For this event, prepurge is not affected.

Typical values and descriptions of the components of
the embodiments of the invention illustrated in the

drawings and described hereinabove are as follows:
R1 120 ohms

R2 2M ohms
R3 22K ohms
R4 4.7M ohms

d

10

15

20

235

30

35

45

50

33

60

65

RS 2.2K ohms
R6 39K ohms
R7 4.3K ohms
R8 79 ohms
R9 4.7M ohms
R10 120 ohms
R11 33K ohms
R12 1M ohms
R13 22M ohms
R14 120 ohms
R15 180K ohms
R16 4.3M ohms
R17 10M ohms
R18 10M ohms
R19 470 ohms
R20 33K ohms
R21 120 ohms
R22 5.6K ohms
R24 150K ohms
R25 47K ohms
R26 2.7M ohms
R27 120 ohms
R28 2.2K ohms
R29 39K ohms
R30 4.3K ohms
R31 79 ohms
R32 5.6K ohms
R33 38 ohms
R34 33 ohms

D1 IN4004
D2 IN4004
D3 IN4148
D4 IN4004
DS IN4004
D6 IN4148
D7 IN4004
D8 IN4148
D9 IN4148
D10 IN4004
D11 IN5246B
D12 IN4148
D13 IN4148
D14 1N4004
D15 IN4148
D16 IN4004
D17 IN4004
D18 IN4148
D19 IN4004
D20 IN4004
D21 IN4004
D22 IN4004

Q1 2N6028

Q2 MCR-22-6
Q3 2N2907

Q4 2N5639

Q5 2N2222A
Q6 MPS-W-01A
Q7 2N2907

Q9 2N2907

Q10 2N5639
Q11 2N2222A
Q12 MPS-W-01A
Q13 2N6028

Cl10.15Mfd 250V
C20.0068 Mfd 400V

10
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C347Mfd 35V
C468Mfd 50V
C50.1Mfd 100V
C60.47 Mfd 400 V
C70.068 Mfd 250 V
C8 10Mfd 50V
C9 6.8 Mfd 50V
C10 6.8 Mfd 50V
Cl16.8 Mfd 50V
C1222Mfd 50V
C1310Mfd 50V
C14 6.8 Mfd 50V
C156.8 Mfd 50V
C16 100 Mfd 35V
C1747Mfd 35V
C18 6.8 Mfd 50V
C20 6.8 Mfd 50 V

It will be understood however that these values may
be varied depending upon the particular application of
the principles of the present invention.

While preferred embodiments of the invention have
been illustrated and described, it will be understood that
various changes and modifications may be made with-
out departing from the spirit of the invention.

What 1s claimed is:

1. In a primary control for gas furnaces, the combina-
tion including a low voltage circuit adapted to be con-
nected to a source of low voltage AC current, said low
voltage circuit including a thermostatic switch, an elec-
trically operable pilot gas valve, an electrically operable
main gas valve, pulse generating means, and first relay
means controlling the energization of said main gas
valve and said pulse generating means, a high voltage
spark generating circuit including spaced electrodes
disposed in the path of gas emanating from said pilot
valve, means interfacing said low voltage circuit and
sald spark generating circuit and providing a substan-
tially higher voltage in said spark generating circuit
than in said low voltage circuit, flame sensing means
including a probe disposed in the path of gas emanating
from said pilot gas valve and being subjected to the heat
of the gas flame when gas ignition is obtained by said
spark generating circuit whereby flame rectification is
effected, said flame sensing means controlling said main
gas valve and said pulse generating means through said
first relay means, and means operably connected to said
pulse generating means and effective to maintain energi-
zation of said pulse generating means and said spark
generating circuit for a predetermined period of time
after flame rectification is effected by said probe.

2. In a primary control for gas furnaces, the combina-
tion including a low voltage circuit adapted to be con-
nected to a source of low voltage AC current, said low
voltage circuit including a thermostatic switch, and
clectrically operable pilot gas valve, an electrically
operable main gas valve, pulse generating means, and
first relay means controlling the energization of said
main gas valve and said pulse generating means, a high
voltage spark generating circuit including spaced elec-
trodes disposed in the path of gas emanating from said
pilot valve, means interfacing said low voltage circuit
and said spark generating circuit and providing a sub-
stantially higher voltage in said spark generating circuit
than in said low voltage circuit, flame sensing means
including a probe disposed in the path of gas emanating
from said pilot gas valve and being subjected to the heat
of the gas flame when gas ignition is obtained by said
spark generating circuit whereby flame rectification is

effected, said flame sensing means controlling said main

gas valve and said pulse generating means through said
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first relay means, and means effective to delay the ener-
gization of said pilot valve following closure of said
thermostatic swiich.

3. In a primary control for gas furnaces, the combina-
tion including a low voltage circuit adapied to be con-
nected to a source of low voltage AC current, said low
voltage circuit including a thermostatic switch, an elec-
trically operable pilot gas valve, an electrically operable
main gas valve, pulse generating means including a
programmable unijunction transistor, and first relay
means controlling the energization of said main gas
valve and said pulse generating means, a high voltage
spark generating circuit including a silicon controlled
rectifier and spaced electrodes disposed in the path of
gas emanating from said pilot valve, said programmable
unijunction transistor controlling the conduction of said
silicon controlled rectifier, means interfacing said low

voltage circuit and said spark generating circuit and

providing a substantially higher voltage in said spark
generating circuit than in said low voltage circuit, and

flame gensing means including a probe disposed in the

path of gas emanating from said pilot valve and being
subject to the heat of the gas flame when gas ignition is
obtained by said spark generating circuit whereby flame
rectification is effected by said probe, said flame sensing
means controlling the energization of said main gas
vaive and said pulse generating means through said first
relay means, said means interfacing said low voltage
circuit and said spark generating circuit including volt-
age doubler means and step up transformer means, ca-
pacitor means operably connected to said pulse generat-
ing means and effective to maintain energization of said
pulse generating means and said spark generating means
for a predetermined period of time after flame rectifica-
tion 1s effected by said probe, said interfacing means
including a transformer having a primary windihg and a
secondary winding, said electrodes being electrically
connected to said secondary winding, said voltage dou-
bler means being electrically connected to said primary
winding. |

4. The combination as set forth 1n claim 3, said silicon
controlled rectifier controlling the conductivity of said
primary winding.

5. The combination as set forth in claim 4, said pro-
grammable unijjunction transistor being effective in a
conductive mode to control the conductivity of said
silicon controlled rectifier, said first relay means con-
trolling the conductivity of said programmable unijunc-
tion transistor and being effective to disconnect said
programmable unijunction transistor from said source
of AC current after flame rectification 1s effected by
sald probe.

6. The combination as set forth in claim 3 including
capacitor means effective to maintain said programma-
ble unijunction transistor in a conducting mode for a
predetermined period of time after said programmable
unijjunction transistor 1s disconnected from said source
of AC current.

7. The combination as set forth in claim 6 including
sustaining capacitor means connected in parallel with
said first relay means. -

8. The combination as set forth in claim 7 including
discharge capacitor means controlling the energization
of said first relay means, and sustaining capacitor means
connected in parallel with said first relay means and
effective to maintain energization of said first relay
means during recharging of said discharge capacitor

means.
X k  %k % %
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